This study evaluated the prognostic implications of aVR ST elevation during ST elevation acute myocardial infarction (AMI).
Introduction
Lead aVR is often neglected in routine clinical practice 1 partly because the lead is non-adjacent to any other electrocardiographic (ECG) lead. Lead aVR has a frontal plane vector of 21508 directly facing the thinner wall of the right ventricular outflow area and through it the basal aspect of the interventricular septum below the aortic and pulmonary valves. Lead aVR faces through the left ventricular cavity the inner side of the apex and lateral wall and is directionally opposite to standard leads I and II and chest leads V5 and V6. The basal septum receives blood supply usually from very proximal septal branches of the left anterior descending artery. Transmural infarction of this important area usually causes lead aVR ST elevation. Angiographic studies have demonstrated in small cohorts of patients with an ST elevation acute myocardial infarction (AMI) the association between aVR ST elevation and proximal left coronary occlusion before the first septal artery. 2, 3 While this implies that patients with aVR elevation are likely to be at high mortality risk, data from large scale trials are not available. Also, little is known about serial ST changes in lead aVR. 4 -8 In ST elevation AMI, the ST changes on a standard 12-lead ECG form the signature for diagnosis. These ST parameters better reflect the pathological AMI process than any readily available clinical parameter. If ST changes in lead aVR, the isolated lead with unique directional orientation adds to the other 11 leads, the additional clinical information will help clinical understanding and may help with management of patients with ST elevation AMI.
The Hirulog and Early Reperfusion/Occlusion (HERO)-2 study randomized 17,073 patients with acute ST elevation AMI within 6 h of symptom onset to receive either bivalirudin or heparin, in addition to streptokinase and aspirin. The randomized treatments had no effect on the primary endpoint of 30-day mortality. 9 The trial protocol specified ECG recordings to be performed both at randomization and at 60 min after commencing streptokinase. 10 -14 In this study, we examined the influence of ST segment elevation in lead aVR on 30-day mortality.
Methods
The protocol and results of the HERO-2 trial have been previously reported. 9 Patients who presented with .30 min of ischaemic chest pain and either ST segment elevation or presumed new left bundle branch block (LBBB) within 6 h of symptom onset were randomized to receive either bivalirudin or unfractionated heparin in addition to streptokinase and aspirin. The primary endpoint, 30-day mortality, was not different between the two groups. The protocol pre-specified that a 12-lead ECG was to be performed at randomization and at 60 min after commencing fibrinolytic therapy. 10 -14 All ECGs were sent to the core laboratory at Green Lane Hospital for analysis by eight ECG technicians 10 -14 who were blinded to treatment assignment and patient outcomes.
Lead aVR ST level analysis
Analysis was performed for patients showing normal intraventricular conduction on both randomization and 60 min ECGs and for patients showing right bundle branch block (RBBB) on both ECGs. The amount of ST segment deviation was measured to the nearest 0.5 mm at 60 ms after the J point (or at the J point for patients with RBBB) on all 12 leads including aVR if there was normal intraventricular conduction. For patients with RBBB, ST segment levels were measured at the J point by a cardiologist (C.K.W). 11, 14 The J point was chosen in RBBB patients for two reasons. First with RBBB the QRS duration is prolonged. Second these patients often have higher heart rates. Thus, these patients often have relatively shortened ST segments and J point measurements are easier than measurements (such as 60 ms) after the J point. Also the J point measurements in the RBBB subgroup have been used in our previous reports on the RBBB patients. In the other 11 leads (excluding lead aVR) on the baseline ECG, the magnitudes of ST elevation were summed; the same was done for the magnitudes of ST depression.
Statistical analysis
Discrete variables were reported as percentages, and continuous variables as the median and the 25th and 75th percentiles. Comparison of continuous variables was done by the Mann-Whitney U-test or the Kruskal -Wallis test where appropriate; whereas the x 2 test was used for categorical variables. The primary analysis examined the relationship between the presence or absence of aVR ST elevation on the randomization ECG and 30-day mortality. Different cut-points (1 mm or 1.5 mm) of aVR ST elevation were assessed. The Cochran-Armitage test for trend was used to test the association between aVR ST elevation groups (≤0, 0.5, 1, and ≥1.5 mm) and 30-day mortality. Analysis of the interaction between aVR ST elevation and infarct location in association with 30-day mortality was performed using logistic regression.
Electrocardiographic and clinical risk factors for 30-day mortality in the HERO-2 cohort 9 -14 were entered into a logistic regression model for multivariable analysis. We first adjusted for summed baseline ST segment elevation present in the other 11 ECG leads. We then adjusted for summed baseline ST depression present in the other 11 ECG leads. A separate analysis was also performed adjusting for the summed absolute magnitudes of ST elevation and ST depression in the 11 ECG leads. After adjusting for the above ECG factors, we adjusted for age, prior AMI, and other clinical factors including sex, systolic blood pressure, Killip class, heart rate, diabetes, hypertension, prior angina, time from symptom onset to randomization, and geographic region of patient recruitment.
Further analysis was performed to ascertain if aVR ST level changes after fibrinolytic therapy were related to 30-day mortality.
All analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA) and a significance level of two-sided a ¼ 0.05 was used to determine statistical significance for all comparisons.
Results
Of the 17 073 patients in HERO-2, 15 825 were studied. Among them 15 315 patients had sinus or atrial rhythm with normal intraventricular conduction on both the randomization ECG and the 60 min ECG (7299 with anterior and 8016 with inferior AMI). Another 510 patients had RBBB on both ECGs, of whom 365 had anterior and 145 inferior AMI (Figure 1 ).
Baseline characteristics and 30-day mortality with aVR ST elevation ≥1 mm
Patients with aVR ST elevation on their randomization ECG were older and more often had prior AMI compared with patients without aVR ST elevation. They had higher heart rates and worse Killip class. They also had lower summed total ST elevation but higher summed total ST depression on the other 11 leads. All aforementioned findings were true for both anterior and inferior AMI ( Table 1) . Among those with ≥1.5 mm aVR ST elevation, 19 of 213 anterior AMI patients had ST elevation in I and/or aVL of ≥1 mm; and 13 of 112 inferior AMI patients had ST elevation in V5 and/or V6 of ≥1 mm.
Mortality at 30 days was higher among patients with aVR ST elevation (15.5% vs. 12.2%, P ¼ 0.0069 for anterior AMI; 15.9% vs. 6.5%, P , 0.0001 for inferior AMI; P , 0.0001 for the interaction term between aVR ST elevation and infarct location). Table 2 shows 30-day mortality rates according to the amount of aVR ST elevation, infarct location, and the presence of RBBB.
Among the 15 315 patients with normal intraventricular conduction, aVR ST level 1 mm was present in 7.5% of patients with anterior AMI and 3.1% of patients with inferior AMI; aVR ST level ≥1.5 mm was present in 2.7% of patients with anterior AMI and 1.4% of patients with inferior AMI. The 30-day mortality rates for anterior AMI vs. inferior AMI were, respectively, 11.5% vs. 13.2% (P ¼ 0.51) with 1 mm of aVR ST elevation; and 23.5% vs. 22.5% (P ¼ 0.84) with ≥1.5 mm aVR ST elevation.
Mortality at 30 days was 16% for the 300 patients with LBBB at randomization and 32% in the 25 patients who developed new LBBB (from normal intraventricular conduction at baseline) at 60 min after fibrinolysis, as we previously reported. 13 Mortality in the 717 patients with other reasons for exclusion was 29.0%.
Univariable relationship between aVR ST elevation and 30-day mortality
In the whole cohort of 15 825 patients, aVR ST elevation ≥1 mm was associated with higher mortality among those with normal intraventricular conduction (14.7% vs. 11.2%, P ¼ 0.0045 for anterior AMI and 16% vs. 6.4% P , 0.0001 for inferior AMI; P , 0.0001 for the interaction term between aVR ST elevation and infarct location) but not among those with RBBB ( Table 1) . Mortality was high with anterior AMI accompanied by RBBB regardless of the presence or absence of aVR ST elevation (34.4% vs. 30.6%, P ¼ 0.66). aVR ST elevation ≥1 mm was associated with higher mortality for patients with either anterior or inferior AMI within the whole cohort or in patients with normal intraventricular conduction, but the magnitude of the odds ratio was higher for patients with inferior AMI than those with anterior AMI. The trend was similar using aVR ST elevation ≥1.5 mm as the cut-off value (P-values for the interaction between aVR ST level and infarction location was 0.0365 and 0.0676, respectively for the whole cohort and for patients with normal intraventricular conduction) ( Table 3) .
Multivariable relationship between aVR ST elevation and 30-day mortality in patients with normal intraventricular conduction
This analysis included the 15 315 patients with normal conduction and excluded the 510 with RBBB. Since the analyses above suggested interaction between aVR ST level and infarct location, multivariable analyses were stratified by infarct location. The risk for 30-day mortality associated with aVR ST elevation persisted clinical factors, the association became non-significant. Findings were similar when summed absolute magnitudes of ST elevation and ST depression in the 11 ECG leads were used for adjustments in the analysis ( Table 5) .
ST changes in lead aVR between randomization electrocardiogram and 60 min electrocardiogram in patients with normal intraventricular conduction
Resolution of ST elevation to ,1 mm was common among those with ST elevation ≥1 mm at randomization and was associated with lower 30-day mortality compared with those patients without ST resolution (11.0% vs. 20.6% for anterior AMI, P ¼ 0.0003; and 11.1% vs. 21.5% for inferior AMI, P ¼ 0.0067). Development of new ST elevation ≥1 mm was rare among those without ST elevation at randomization but was associated with higher 30-day mortality (18.5% vs. 10.4% for anterior AMI, P , 0.0001; and 12.6% vs. 6.0% for inferior AMI, P ¼ 0.0006) ( Table 6 ).
Discussion
Interpretation of the ECG is a cornerstone of the management of patients with AMI, with worse prognostic connotations for anterior AMI than for inferior AMI. However, lead aVR is rarely considered.
1
This study evaluated the utility of aVR ST elevation in a large cohort of patients with ST elevation AMI treated by fibrinolytic therapy. Among all patients with normal intraventricular conduction, aVR ST elevation was associated with higher 30-day mortality independent of concomitant ST segment changes in the other ECG leads. This association was strong for patients with anterior AMI with an ST level cut point of ≥1.5 mm, and for patients with an inferior AMI with an ST level cut-point of ≥1 mm. It is noteworthy that above these ST level cut-points there was an approximately 2.5-fold increase in 30-day mortality ( Table 3) . When aVR ST elevation was present, 30-day mortality was high and similar for patients with anterior AMI and patients with inferior AMI. Patients with aVR ST elevation had lower summed ST elevation and higher summed ST depression in the 11 other ECG leads compared with patients without ST elevation in aVR. This is not .......... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... ..... unexpected as the direction of the electrical vector of lead aVR is approximately opposite to the standard leads I and II and chest leads V5 and V6.
As the directional orientation of lead aVR is non-adjacent to other leads, aVR ST elevation provides information about ischemia additional to ST elevation in the other leads. The increased mortality risk associated with aVR ST elevation did not change after adjusting for summed ST elevation in the other 11 leads, both for anterior AMI and for inferior AMI (Tables 4 and 5) .
Patients with aVR ST elevation may have severe proximal left coronary artery disease as the basal septum (which the lead aVR faces) receives blood supply either from the proximal septal branches of the left anterior descending artery or from the posterior descending branch of the right coronary artery in those with prior proximal left coronary artery occlusions. Of interest, a recent report concerning patients with proximal left anterior descending occlusions from a percutaneous coronary intervention (PCI) database described tall precordial T waves without the signature anterior ST elevation, but aVR ST elevation was usually present. 15 In patients with inferior AMI, infarction of the basal septum may explain only a small group of patients with aVR ST elevation and poor outcomes. Given that patients with aVR ST elevation were older (66 vs. 60 years) and had a higher incidence of prior angina (66.6% vs. 42.4%) and prior MI (32.1% vs. 12.8%), aVR ST elevation may also mechanistically reflect diffuse non-transmural ischemia of the apex and lateral wall from multivessel involvement since lead aVR faces the inner walls of these areas through the left ventricular cavity. Some patients may also have ST depression in leads V5 and V6, the leads which are almost reciprocal to aVR. Indeed among patients with inferior AMI in the GUSTO-1 angiographic study, ST depression in V4 -6 indicated a greater likelihood of multivessel disease 16 (incidence of three-vessel disease 26% with V4 -6 ST depression, 15.7% with V1 -3 ST depression, and 13.5% with no precordial ST depression, P ¼ 0.002). The additional analysis using aVR ST level of 0 or 0.5 mm as a reference found similar results for the prognostic meaning of aVR ST elevation analysed as three-step variables ( Table 5) . This strengthens the primary analysis which tested dichotomous aVR ST elevation cut-points. The increased odds ratio associated with aVR ST elevation was reduced after adjusting for summed ST depression in the 11 other ECG leads. The odds ratio after this adjustment remained significantly increased with inferior AMI but not with anterior AMI.
Lead aVR has been neglected in clinical practice 1 perhaps because it is directionally non-adjacent to any other ECG lead. This 'relative isolation' however is also the very reason why aVR changes could be particularly important. The current study using dichotomous cut points (1 or 1.5 mm) of aVR ST segment elevation establishes the prognostic value of ST segment changes in lead aVR in patients with ST elevation AMI. The importance of aVR ST elevation is also supported by the association of mortality with serial changes over 60 min. As with ST segment resolution in other leads 8 aVR ST segment resolution was associated with lower mortality, and new aVR ST segment elevation was associated with higher mortality.
Limitations
Infarction of the basal septum may involve the right bundle branch and the presence of RBBB is associated with proximal left anterior descending artery occlusion. 2 In the HERO-2 cohort, RBBB portended a worse outcome in patients with anterior AMI. 11, 13 However, in the current analysis the number of patients with RBBB and aVR ST elevation was small and precluded meaningful subgroup analysis. Unfortunately, we did not routinely collect ECGs with right-sided leads. Those data would have been valuable in their own right and be complementary to the current study.
Patients selected for participation in a clinical trial may differ from usual clinical practice. However, this potential bias is unlikely to explain the difference in outcome by aVR ST elevation. The international HERO-2 trial was a trial of thrombolytic therapy with major recruitment in non-western countries. 9 This may explain the higher mortality compared with more contemporary trials of primary PCI. It is possible but not known whether earlier reperfusion or primary PCI may reduce the excess mortality associated with aVR ST elevation. We did not correlate our findings with the coronary anatomy as HERO-2 did not require systematic angiography, and angiographic data were not available.
The association between aVR ST elevation (of ≥1 mm in inferior AMI and ≥1.5 mm in anterior AMI) and 30-day mortality was independent of ST changes in the other leads. When age and prior AMI were put into the model, the odds ratios became smaller and association lost significance after adjusting further for all relevant clinical factors, reflecting that haemodynamics and the Killip class are very powerful prognostic factors. However, the ECG finding of aVR ST elevation has special significance because of its simplicity, and is relevant in acute situations when risk models involving several factors may not be practical to apply because of time constraints and missing clinical information. This will become increasingly more relevant with the use of prehospital ECG recordings, 17 which enable shorter times to beginning fibrinolysis and shorter times to balloon inflation for primary angioplasty, and with the use of pocket-size ECG machines capable of networking through cell phones. Recent joint efforts from various professional bodies have made recommendations about the recording and interpretation of ST segment change during AMI. 18 In addition to conventional risk stratification of patients with AMI by infarct location, the presence of aVR ST elevation identifies patients who are at higher risk for 30-day mortality. Notably its presence during an inferior AMI increases mortality to that of patients with aVR elevation and anterior AMI. payment for Speaker's Bureau, Consultancy fees and Honoraria from
